An image of an object may be defined as a graphical representation of the spatial distribution of one or more of its properties. Image formation usually requires that the object interact with a matter or radiation field characterized by a wavelength comparable to or smaller than the smallest features to Adapted from Lauterbur, P. C.: Image formation by induced local interactions: Examples employing nuclear magnetic resonance. Nature 242: 190, 1973. be distinguished, so that the region of interaction may be restricted and a resolved image generated.
This limitation on the wavelength of the field may be removed, and a new class of image generated, by taking advantage of induced local interactions. In the presence of a second field that restricts the interaction of the object with the first field to a limited region, the resolution becomes independent of wavelength, and is instead a function of the ratio of the normal width of the interaction to the shift produced by a gradient in the second field. Because the interaction may be regarded as a coupling of the two fields by the object, I propose that image formation by this technique be known as zeugmatography, from the Greek rcvypa, "that which is used for joining".
The nature of the technique may be clarified by describing two simple examples. Nuclear magnetic resonance (NMR) zeugmatography was performed with 60 MHz ( 5 m) radiation and a static magnetic field gradient corresponding, for proton resonance, to about 700 Hz cm-'. The test object consisted of two 1 mm inside diameter thin-walled glass capillaries of H 2 0 attached to the inside wall of a 4.2 mm inside diameter glass tube of DzO. In the first experiment, both capillaries contained pure water. The proton resonance line width, in the absence of the trans-verse field gradient, was about 5 Hz. Assuming uniform signal strength across the region within the transmitter-receiver coil, the signal in the presence of a field gradient represents a one-dimensional projection of the H 2 0 content of the object, integrated over planes perpendicular to the gradient direction, as a function of the gradient coordinate (Fig. 2) . One method of constructing a twodimensional projected image of the object, as represented by its H 2 0 content, is to combine several projections, obtained by rotating the object about an axis perpendicular to the gradient direction (or, as in Fig. 2 , rotating the gradient about the object), using one of the available methods for reconstruction of objects from their projections.'-' Fig. 3 was generated by an algorithm, similar to that of Gordon and Herman,4 applied to four projections, spaced as in Fig. 2 , so as to construct a 20 X 20 image matrix. The representation shown was produced by shading within contours interpolated between the matrix points, and clearly reveals the locations and dimensions of the two columns of H 2 0 . In the second experiment, one capillary contained pure HzO, and the other contained a 0.19 mM solution of MnS04 in HzO. At low radio-frequency power (about 0.2 mgauss) the two capillaries gave nearly identical images in the zeugmatogram (Fig. 4a) . At a higher power level (about 1.6 mgauss), the pure water sample gave much more saturated signals than the sample whose spin-lattice relaxation time T I had been shortened by the addition of the paramagnetic Mn2+ ions, and its zeugmatographic image vanished at the contour level used in Fig. 4h . The sample region with long TI may be selectively emphasized (Fig. 4c ) by constructing a difference zeugmatogram from those taken at different radio-frequency powers.
Applications of this technique to the study of various inhomogeneous objects, not necessarily restricted in size to those commonly studied by magnetic resonance spectroscopy, may be anticipated. The experiments outlined above demonstrate the ability of the technique to generate pictures of the distributions of stable isotopes, such as H and D, within an object. In the second experiment, relative intensities in an image were made to depend upon relative nuclear relaxation times. The variations in water contents and proton relaxation times among biological tissues should permit the generation, with field gradients large compared to internal magnetic inhomogeneities, of useful zeugmatographic images from the rather sharp water resonances of organisms, selectively picturing the various soft structures and tissues. A possible application of considerable interest at this time would be to the in vivo study of malignant tumors, which have been shown to give proton nuclear magnetic resonance signals with much longer water spinlattice relaxation times than those in the corresponding normal tissues.6
The basic zeugmatographic principle may be employed in many different ways, using a scanning technique, as described above, or Clinical Orthopaedics and Related Research transient methods. Variations on the experiment, to be described later, permit the generation of two-or three-dimensional image: displaying chemical compositions, diffusion techniques should find many useful applications in studies of the internal structures, states, and compositions of macroscopic and microscopic objects. coefficients and other properties of objects measurable by spectroscopic techniques. Although applications employing nuclear magnetic resonance in liquid or liquid-like systems are simple and attractive because of the ease with which field gradients large enough to shift the narrow resonances by many line widths may be generated, NMR zeugmatography of solids, electron spin resonance zeugmatography, and analogous experiments in other regions of the spectrum should also be possible. Zeugmatographic I .
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